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1. 
The invention relates to systems for the gen 

eration of alternating single or polyphase cur 
rents of low frequency and is particularly Suited 
to the generation of frequencies below those gen 
erally supplied by conventional power generating 
equipment. 
In the operation of printing presses and the 

like by induction motors it is necessary upon 
starting to overcome the very high resistance of 
rest and thereafter to rotate the presses at a 
very low Speed at a low torque. To accomplish 
this the conventional Systems employing induc 
tion motors Supplied With power from an alter 
nating current source require the interposition 
of complicated commutatable speed reducing driv 
ing means between the motor and press. 
The present invention has for its object to pro 

vide for starting and slow Speed a Supply of sup 
plemental low frequency power for the induction 
motors which drive the press or the like, Said 
supplemental power supply being connected to 
the press motors during starting and inching. 
Another object is to provide a system compris 

ing a self-exciting generator for delivering alter 
nating current of relatively low frequency. 
Another object is to provide an alternating 

current generator having an alternating current 
excitation circuit, the frequency of which may be 
adjusted for adjustment of the frequency of the 
output current of the machine. 
Another object is to provide a System compris 

ing a plurality of generators which may be me 
chanically and electrically coupled to provide 
multi-phase current of relatively low frequency. 
Another object is to provide a generating sys 

tem of the aforementioned kind which is Small in 
relation to its Capacity. 
Another object is to provide a generator of the 

aforementioned kind which is simple in construc 
tion and operation. 
Other objects and advantages will hereinafter 

appeal. 
The accompanying drawings are illustrative of 

several embodiments of the invention, 
In the drawings, 
Figure is a diagrammatic showing of a Single 

phase generating system embodying the inven 
tion. 

Fig. 2 is a diagram of a two-phase System, while 
Fig. 3 is a diagram of a three-phase system. 
Referring to Fig. 1, the same illustrates a, 

shunt-excited generator having a commutator 
type armature which may be driven by any suit 
able prime mover, such as an induction motor 
(not shown). The generator comprises a con 
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tinuously wound armature having a conventional 
commutator , and a field winding 2. The com 
mutator f is connected to bus bars Ll and I. 
The field winding 2 is connected in series with a 
capacitor 3 in a circuit between the lines I and 
Land thus paralleling the armature commutator 
. Connected in parallel with the capacitor 3 is 

a current limiting resistor 4 in series with nor 
mally closed contacts 5b of an electromagnetic re 
lay 5 having an energizing winding 58. The ener 
gizing winding 5 is connected across the output 
terminals of a bridge-connected full-wave recti 
fier 6, comprising the rectifier elements 6a, 6b, 6c 
and 6d. The input terminals of the rectifier 6 are 
connected to the bus bars L., L, respectively. 
The operation of the system is as follows: When 

the armature begins to rotate upon starting of 
the driving motor the residual magnetic flux of 
the field frame generates a voltage in the arma 
ture which in turn causes a flow of energizing 
current to pass through the field winding 2, the 
contactS 5b and limiting resistor 4, thereby 
Strengthening the field flux and thus cumulative 
ly increasing the generated armature voltage. A 
Current also flows through the rectifier 6 and the 
energizing winding 58 of relay 5, while the capaci 
to 3 is substantially short-circuited by the con 
tacts 5 and limiting resistor 4. When the arma 
ture Voltage has reached a certain value the re 
lay winding 5 is sufficiently energized to cause 
the opening of the contacts 5b, thereby interrupt 
ing the flow of field current through the resistor 
4. However, field current continues to flow 
through the field Winding into the capacitor 3 to 
charge the Same. As the charge of the capacitor 
and thus its voltage increases, the charging cur 
rent and thus the current through the field Wind 
ing 2 decrease, which in turn now causes a de 
crease of the voltage induced in the armature, 
thus further reducing the voltage applied to the 
field Winding and the charging current flowing 
into the capacitor. When the voltage generated 
in the armature is equal to the sum of the in 
duced electromotive force of the field winding 2 
and the charging voltage of the capacitor, cur 
rent flow through the field winding ceases. As a 
result, the voltage induced in the armature con 
tinues to decrease so that the voltage of the ca 
pacitor becomes gradually higher than the volt 
age of the armature and so that the capacitor 
discharges through the field winding, thereby re 
Versing the direction of the electromotive force 
induced in the armature. This continues until 
the Voltage of the armature is sufficiently high to 
again charge the capacitor but now with a po 
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tential which is the reverse of that of the first 
charge. As the capacitor potential again in 
creases, its rate of charge decreases, and as a re 
sult the field current decreases. This, in turn, de 
creases the resulting voltage generated in the 
armature until the latter again passes through 
Zero to start a new cycle of current flow in the 
original direction. It will thus be seen that the 
generator is capable of Supplying an alternating 
voltage, the frequency of which depends substan 
tially upon the relative capacitance of the capaci 
tor 3 and the inductance of the field Winding 2. 
If a load, Such as an induction motor is connected 
to the bus bars L., L, the armature will supply 
an alternating current thereto, as will be ap 
parent. 
Upon disconnecting the prime mover to shut 

down the generator, the Speed of the generator 
armature declines, and the magnitude of the 
alternating voltage acroSs L and L2 decreases. 
Were this allowed to continue, the generator 
field Would be demagnetized and the residual flux 
would be insufficient for restarting the System. 
Relay 5 preventS this condition. As the alter 
nating Voltage acroSSL and L. declines, the cur 
rent through rectifier 6 and relay coil. 5a de 
Creases until at a preset minimum relay 5 drops 
out closing contacts 5. This bypasses capacitor 
3 through the current limiting resistor 4 and the 
voltage across L and L2 becomes unidirectional, 
a condition favorable to storing a residual flux in 
field 2. 

It is Well known that in order to reduce the 
eddy current loss in the field structure resulting 
from the periodic reversal of the field flux, the 
Same should be laminated. 
Armature reactance in the aforedescribed sys 

ten results from the periodic reversal of the cur 
rent flowing between the brushes. It is possible 
to reduce this armature reactance by providing 
a compensating field winding to provide a mag 
netomotive force in line With the brushes. This 
magnetomotive force acts through the armature 
in a direction opposite to that of the magneto 
notive force component resulting from the cur 
rent in the armature inductors and thereby 
greatly reduces the fux caused by the armature 
current and consequently reduces the reactance 
of the arnature to the current delivered to the 
brushes. The compensating winding is particu 
larly advantageous When the generator supplies 
current to an external inductive load in which 
case the reactive Woltage drop due to the load is 
directly opposed to, that is, 180° out of phase with 
the Voltage generated in the armature. 

It is also possible to use a field structure emi 
ploying Split poles, that is, a field structure in 
which each pole is divided into two parts by an 
air gap arranged parallel to the main magnetic 
field in the pole. As the reactive field component 
is at right angles to the main field the split poles 
do not increase the reluctance of the path of the 
main field but they increase the reluctance of 
the path of the reactive flux. 

Referring now to Fig. 2, the same illustrates a 
system for the generation of two phase, alternat 
ing current of low frequency. The system in gen 
eral comprises two single phase generating sys 
tems each similar to that illustrated in Fig.1 and 
described in connection thereWith. To generate 
two currentS Which are displaced in phase from 
each other the field windings of the two parts of 
the System have connected in Series therewith 
individual capacitors and resistors so propor 
tioned as to attain a phase displacement between 
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4. 
their exciting currents and thus between the 
corresponding armature currents. 
The System (Fig. 2) again comprises an arma 

ture f with a co-ordinated filed winding 2, Con 
nected in Series with a condenser 3 to the bus 
bars L., L. There is also inserted in Series With 
the field winding 2 and the capacitor 3, a re 
Sistor 7, while the resistor 4 is connectable in 
parallel with the capacitor 3 through normally 
closed contacts 3b of an electro-magnetic relay 
5. Also connected across the terminals of the 
armature is the rectifier 6, which supplies the 
winding 5 with rectified current. Coupled to 
the armature to rotate therewith is a similar 
Second armature which is connected to the 
bus bars LP and L. The bus bars Li, L3 and L3 
form the conductors for the polyphase current to 
be Supplied by the system. The armature has 
co-ordinated therewith a field winding 2, which 
is connected in Series with a resistor 7 and a 
capacitor 3 across the bus bars L and L. Both 
field windings 2 and 2 are thus energized from 
the armature , but the resistors 7 and f, re 
Spectively, and the capacitors 3 and 3, respec 
tively, are so proportioned that the currents 
passing from the armature through the two 
field Windings 2 and 2 are dephased relative to 
each other substantially 60 degrees. For this 
purpose the resistor 7, in series with the field 
winding 2, should be approximately twice the 
resistance of the resistor 7 in series with the 
field winding 2. By reversing the polarity of 
One of the field Windings relative to its armature 
as compared to the other, the flux of one of the 
fields is reversed, so as to produce two fluxes 
which differ in phase 120 degrees. As a result 
the voltage between the bus bars L and L2, and 
between L and L3, respectively, are also de 
phased 120 degres and can thus supply a poly 
phase current of low frequency which may be 
impressed on an induction notor to operate the 
latter at a low speed. 
Instead of energizing the field winding 2 by 

a voltage derived from the armature it is pos 
sible to connect the circuit containing the field 
winding 2, and the capacitor 3 and the resistor 
in shunt with the armature. so that the field 

winding inductively related to the respective 
arnature is excited from the other armature. 
Such possible alternative connection would be 
like a connection shown in Fig. 3. 

Fig. 3 illustrates application of connections like 
the connection mentioned in the foregoing para 
graph to a three-phase system comprising three 

5 armatures 28, 3 fa and 4 (a to be coupled together 
and driven by a single motor (not shown). These 
armatures have correlated thereto field. Windings 
2 lb, 3 lb and 4 lb, respectively. The field winding 
2b which energizes armature 2a is connected 
across the armature Alain Series with a resistor 2c 
and a capacitor 21d. The field winding 3 lb which 
energizes armature 3 is connected in series with 
a resistor 30 and a capacitor 3d in shunt with 
the armature 28. Similarly the field winding 
Alb which is correlated to the armature 4 ?a is 
connected in series with a resistor 4 c and a 
capacitor 4d in shunt with the armature 3 a. 
The resistors 2, 3c and 40, and the capacitors 
2d, 3id and 4d, respectively, are so proportioned 
that they induce Woltages in the correlated arma 
tures 2a, 3 and 4a which are 120 degrees out 
of phase relative to each other so that a three 
phase voltage appears at the bus bars L21, L31 and 
L', respectively connected to armatures 2 fa, 3 a 
and 4. The operation of the system will be 
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apparent from the explanations given in connec 
tion with the Systems shown in Figs, 1 and 2. 
Also it will be apparent that instead of three 
generators supplying a low frequency three 
phase current a greater number of generators for 
a greater number of phases with corresponding 
phase differences between the voltages of the 
different phases may be employed. 

I claim: 
1. In combination, a commutator type dynamo 

electric generator, means to connect a field wind 
ing of said generator in circuit with the arma 
ture of Said generator to initiate generation of 
a voltage in said armature as a function of the 
residual magnetism of said generator, and means 
including circuit commutating means operable 
in response to a predetermined magnitude of said 
voltage to afford said field winding circuit upon 
response of Said circuit commutating means a 
regulable oscillatory characteristic. 

2. In an alternating current generating system, 
in combination, a generator having a commutator 
type armature and an exciting field winding, 
means to connect said field winding in circuit 
with said armature to initiate generation of a 
voltage in said armature as a function of the 
residual magnetism of said generator, a capacitor, 
and circuit commutating means responsive to the 
voltage of said armature to connect said capacitol 
to said exciting winding to provide with the 
latter an oscillatory circuit for subjecting said 
armature to the oscillatory flux resulting fron 
the current flowing in said oscillatory circuit. 

3. In an alternating current generating system, 
in combination, an output circuit, a commutator 
type armature connected to said output circuit, 
an exciting winding for said armature, a capa 
citor, an impedance, and means controllable by 
the voltage of said armature selectively to con 
nect said winding in series with said impedance 
across said output circuit or to connect said wind 
ing in Series with Said capacitor across said out 
put circuit. 

4. In a polyphase generating system, in com 
bination, a plurality of like commutator type 
armatures coupled together to rotate in unison, 
an exciting winding, a capacitor and a resistor 
for each of Said armatures and connections 
Whereby One armature Supplies voltage to the 
exciting Winding of another of said armatures 
through the capacitor and resistor of the last 
mentioned winding, and means controllable by 
the voltage of one of said armatures normally to 
connect one of Said armatures and an exciting 
Winding thereof to act as a self-excited shunt 
generator for generation of an initial voltage and 
then to interrupt Such connections of the last 
mentioned exciting winding to Subject the last 
mentioned armature to the influence of an eXcit 
ing winding Supplied through the respective ca 
pacitor and resistor. 

5. In a polyphase generating system, in com 
bination, a plurality of like commutator type 
armatures coupled together to rotate as a unit, 
an exciting Winding, a capacitor and a resistor for 
each of Said armatures, means controllable by 
the voltage of One of said armatures selectively 
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to connect its respective winding across said one 
armature in series with the respective resistor or 
to connect its said winding in series with the re 
Spective capacitor across said one armature, and 
means to connect the exciting winding and the 
capacitor of a second armature in series with 
each other across the output circuit of the first 
mentioned armature. 

6. In combination, a self-excited, commutator 
type dynamoelectric machine having an excit 
ing field winding, a capacitive reactance con 
nected in Series relation with said field winding, 
means providing a direct current conducting 
path in shunt to said capacitive reactance, 
whereby said dynamoelectric machine builds up 
as a direct current generator, and means for 
Opening Said direct current conducting path in 
response to the voltage generated by said 
dynamoelectric machine, whereby the dynamo 
electric machine is converted to alternating cur 
rent generation. 

7. In combination, a self-excited, commutator 
type dynamoelectric machine having an exciting 
field Winding, a capacitive reactance connected 
in Series relation with said field winding, a nor 
mally closed relay having the contacts thereof 
connected to provide a shorting connection 
around Said capacitive reactance, and means 
connecting Said relay to be energized by the gen 
erated voltage of said dynamoelectric machine 
to open said contacts, whereby said dynamoelec 
tric machine builds up as a direct current gen 
erator and is then converted to an alternating 
current generator by operation of said relay. 

8. In combination, a self-excited, commutator 
type, dynamoelectric machine having an arma 
ture and an exciting field winding connected in 
shunt to said armature, a condenser connected in 
Series relation with said exciting field winding, 
a normally closed relay having the contacts 
thereof connected to provide a shorting connec 
tion around said condenser, and means connect 
ing said relay across said armature to be ener 
gized by the generated voltage of said dynamo 
electric machine to open said contacts, whereby 
Said dynamoelectric machine builds up as a di 
rect current generator and is then converted to 
an alternating current generator by operation of 
said relay. 

NORBERT L. SCHMITZ. 
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